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Diverse roles of miR-29 in cancer (Review)
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Abstract. microRNAs (miRNAs) are non-coding RNAs
which have the capacity to regulate gene expression at the
post-transcriptional level, and have emerging as key factors
involved in cancer at all stages ranging from initiation to
metastasis. In the present review, we summmarize the diverse
roles of the microRNA-29 (miR-29) family in cancer. First,
we present a concise introduction to the miR-29 family and
the expression profile of miR-29 in various cancer types. We
next highlight the upstream regulatory pathway of miR-29 and
describe the relationship between miR-29 and cancer in detail.
As a tumor suppressor, miR-29 restrains cancer progression by
promoting tumor cell apoptosis, by suppressing DNA meth-
ylation of tumor-suppressor genes, by reducing proliferation
of tumors and by increasing chemosensitivity. However, as a
tumor promoter, miR-29 mediates epithelial-mesenchymal
transition (EMT) and promotes metastasis in breast cancer
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and colon cancer. Finally, we suggest that miR-29 represents
a novel diagnostic and prognostic biomarker or a therapeutic
target for cancer. Our review highlights the diverse relation-
ship between miR-29 and cancer (particularly digestive system
neoplasms). Further research of miR-29 in cancer is warranted.
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1. Introduction

Cancer represents one of the major public health issues and
is a leading cause of worldwide mortality. Throughout the
past 10 years, the cancer-related death rate was 25% of the
total mortality; therefore, overcoming cancer is an urgent
priority (1). After unremitting research efforts, it has been
definitely proven that the initiation of cancer is the result of
the deregulation of oncogenes and tumor-suppressor genes.
Recently, microRNAs (miRNAs) have been identified as
novel regulators of oncogenes and tumor-suppressor genes.
Researchers believe that miRNAs will become a new modality
for both the diagnosis and treatment of cancers (2,3).
MiRNAs are a large class of small, non-coding, single-
stranded RNAs, 19-23 nucleotides in length, and constitute
a novel class of gene regulators (4). These single-stranded
miRNAs bind to complementary sites on the 3' untranslated
region (UTR) of target genes, and consequently regulate post-
transcriptional gene expression by mRNA degradation and
translational repression (5). By targeting multiple transcripts,
miRNAs are involved in biological processes including cell
differentiation, proliferation, apoptosis and metastasis (6).
There is increasing evidence that miRNAs widely partici-
pate in the regulation of oncogenes (7) or tumor suppressors (8)
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Figure 1. The loop-stem structure of mRNA and the sequence of the miR-29 family. The loop-stem structure of mRNAs, miR-29-3p or -5p, are indicated in
red. In overwhelmingly predominant miR-29-3p, nucleotides that differ among the miR-29 family members are indicated in red.

in cancer. Previous research has shown that miRNA-21 func-
tions as an oncogene by inhibiting tumor suppressors such
as phosphatase and tensin homolog (PTEN) (9) in Kazakh's
esophageal squamous cell carcinoma and programmed cell
death-4 (PDCD4) in human hepatocellular carcinoma (10).
Whereas, miR-15 and miR-16 induce apoptosis and act as
tumor suppressors by targeting Bcel (11). It was recently
suggested that the miR-29 family is involved in many diseases
and pathophysiological processes. For example, miR-29 was
found to play an important role in aneurysm formation (12),
systemic sclerosis (13), preeclampsia (14) and irritable bowel
syndrome (15), and also was found to have an impact on
pathophysiological processes of liver fibrosis (16), cardiac
fibrosis (17), renal fibrosis (18) and myocardial ischemia-
reperfusion injury (19). More and more research indicates that
miR-29 participates in the processes of apoptosis, prolifera-
tion and epithelial-mesenchymal transition (EMT) in cancer.
Here, we review the relationship between miR-29 and cancer
in detail.

2. A brief introduction to the microRNA-29 family

MicroRNA is produced by shearing the arm of the stem-loop or
hairpin which is a general shape of corresponding microRNA
precursor or pre-miRNA. Although a mature miRNA may
only come from one arm of pre-miRNA, the 3' (3p) or the 5'
(5p) arm is predominantly processed. In terms of miR-29, the
3p arm of the miR-29 precursor is clipped as a preferential
overwhelming product (miR-29 or miR-29-3p), although the 5p
arm (miR-29* or miR-29-5p) also objectively exists. Thus, the
human miRNA-29 family has three main members including
hsa-miR-29a, hsa-miR-29b and hsa-miR-29¢ (Fig. 1).

These three miR-29s are distributed on two chromo-
somes: miR-29b2/miR-29c located on chromosome 1q32 and
miR-29b1/miR-29a located on chromosome 7q32 (20). Among
the members of the miR-29 family, miR-29a was firstly discov-
ered by Lagos-Quintana et al (21). Subsequent large-scale

cloning studies revealed the sequence of mature miR-29a.
Mourelatos et al (22) identified miR-102 located on chromo-
some 7 primordially, which was known as miR-29b because
of the isogeny between human miR-102 and mouse miR-29b.
Researchers then found the same sequence on chromosome
1g32. Researchers distinguished them as miR-29bl located
on chromosome 7q32 and miR-29b2 located on chromosome
1g32. With the development of technology, miR-29¢ was found
by small RNA library sequencing (23).

3. Expression of miRNA-29 in cancers

Transcriptional profiling studies of miRNA expression across
tumor tissues or cancer cell lines have revealed that miR-29 is
downregulated in the majority of cancers and upregulated in
the minority. As documented in Table I, aberrant expression
of miR-29 and the oncogenic or tumor-suppressive functions
of miR-29 have been extensively investigated in many types
of cancers.

Downregulation of miR-29 has been found in many solid
tumors and hematologic neoplasms by transcript profiling or
northern blot analysis. In the respiratory system, miR-29 is
expressed at a lower level in lung cancer tissue when compared
with that in normal lung tissue (24). Fabbri et al (25) demon-
strated that expression of miR-29a, miR-29b, and miR-29c is
downregulated in NSCLCs. Plaisier et al (26) found that the
miR-29 family (miR-29a, miR-29b and miR-29¢) inhibited
specific genes associated with invasion and metastasis of lung
adenocarcinoma. In the nervous system (NS), miR-29 was
found to be downregulated in NS neoplasms such as glio-
blastomas (27) and neuroblastoma (28). In the muscular and
skeletal systems, miR-29 was found to be significantly down-
regulated in osteoblastoma (29) and rhabdomyosarcoma (30).
MiR-29a induced osteoblastic cell apoptosis by silencing Bcl-2
and Mcl-1 and inducing E2F1 and E2F3 expression (31). In
the genitourinary system, all three isoforms of miR-29 (a,
b and c) are highly expressed in normal tissues. However,
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Table I. Expression of miR-29 in cancer.
Organizational systems Tumor tissue Regulation of miR-29* Refs.
Respiratory system Lung cancer Downregulation (24)
Non-small cell lung cancer Downregulation (25))
Lung adenocarcinoma Downregulation (26)
Digestive system Esophageal carcinoma Downregulation (51)
Stomach cancer Downregulation (50)
Hepatocellular carcinoma Downregulation (52,53)
Cholangiocarcinoma Downregulation (54)
Colon cancer Upregulation (56)
Nervous system Glioblastomas Downregulation 27
Neuroblastoma Downregulation (28)
Muscular and skeletal systems Osteoblastoma Downregulation (29.31)
Rhabdomyosarcoma Downregulation 30)
Genitourinary system Bladder cancer Downregulation (32,33)
Prostate cancer Downregulation (34)
Renal carcinoma Downregulation (38)
Female reproductive system Ovarian cancer Downregulation (35,36)
Endometrial cancer Downregulation 37
Breast cancer Upregulation 47)
Hematopoietic system Acute lymphoblastic leukemia Downregulation 39)
Acute myeloid leukemia (AML) Downregulation (40)
Chronic lymphocytic leukemia Downregulation 41)
NPMc* AML Upregulation (23)
Diffuse large B lymphoma Upregulation (49)
Mantle cell lymphoma Downregulation (42)
Other systems Basal cell carcinoma Downregulation (44)
Nasopharyngeal carcinomas Downregulation (45406)
Malignant pleural mesothelioma Upregulation (48)

?miR-29 level in cancers compared with that in corresponding normal tissue. NPMc* AML, acute myeloid leukemia bearing cytoplasmic

nucleophosmin.

they are downregulated in genitourinary tumors including
bladder (32,33), prostate (34), ovarian (35,36), endometrial
cancer (37) and renal carcinoma (38). In the hematopoietic
system, miR-29 is downregulated in acute lymphoblastic
leukemia (ALL) (39), acute myeloid leukemia (AML) (40),
chronic lymphocytic leukemia (CLL) (41) and mantle
cell lymphoma (MCL) (42) when compared with normal
cases (43). In addition, miR-29 was found to be significantly
downregulated in basal cell carcinoma (BCC) when compared
with normal skin (44). Expression of miR-29 was also down-
regulated in nasopharyngeal carcinomas (45,46).

Although miR-29 is downregulated in the vast majority of
cancers, it is also upregulated in a minority of cancers. MiR-29
is also expressed at a high level in tumor tissues or serum
from breast cancer patients when compared to its expression
in normal cells or serum from healthy individuals (47). The
upregulated expression of miR-29 was also detected in several
rare diseases such as malignant pleural mesothelioma (48) and
diffuse large B lymphoma (49). Notably, although miR-29 is

downregulated in ALL, Garzon et al (39) found that miR-29
was highly expressed in acute myeloid leukemia bearing cyto-
plasmic nucleophosmin (NPMc* AML). This phenomenon
indicates that there are wide differences in the expression
profile of miR-29 in subtypes of the same cancer.

The differential expression of miR-29 has also been noted
in the digestive system. The expression of miR-29 is down-
regulated in gastric carcinoma (50). A low level of miR-29
caused loss of inhibition of cyclin E expression, resulting in
esophageal carcinoma cell cycle activation (51). Several studies
have demonstrated that high expression of miR-29 induces
hepatocellular carcinoma cell apoptosis, while downregula-
tion of miR-29 increases HCC tumorigenicity and metastasis
(52,53). Mott et al (54) found a high level of miR-29 in normal
cholangiocytes by northern blot analysis. It is notable that
downregulation of miR-29 was associated with upregulated
Mcl-1 protein in cholangiocarcinoma. In contrast, upregula-
tion of miR-29a was observed in the plasma of colorectal
cancer (CRC) patients. This, it may be a potential biomarker to



1512

JIANG et al: miR-29 IN CANCER

,_)-

Chr 7q32.3

CM@ R

Chr 1g32.2

!

I e G CED L G

Figure 2. Transcriptional regulation of miR-29.

differentiate CRC from controls (55). Wang and Gu (56) found
that serum miR-29a was also significantly higher in patients
with colorectal liver metastasis when compared with the serum
level in CRC patients. It appears that miR-29 is associated with
the degree of malignancy in colorectal cancer.

4. Upstream regulation of miR-29 expression in cancer

miR-29 is generated by non-coding mRNA splicing and is
regulated by many signaling molecules such as Myc, EZH2,
YY1, HDAC and GATA3. These regulatory proteins control
expression of miR-29 mainly in the early stages (Fig. 2).

In this regard, in CLL, histone deacetylases (HDACS) can
downregulate the level of miR-29 (57). Intensive research has
demonstrated that HDAC3 (one member of the HDACYS) is a
component part of the HDAC3-EZH2 complex, and MYC
suppresses miR-29 expression through the HDAC3-EZH
complex (58). There are two other miRNAs (miR-26a and
miR-494) indirectly involved in the MYC-EZH2-miR-29
axis. MYC upregulates EZH2 by repressing miR-26a which
is an inhibitor of EZH2, and EZH?2 suppresses miR-494
which could inhibit MYC. Through miR-26a and miR-494,
MYC and EZH?2 form a positive feedback loop. Next, EZH2
combined with HDAC3 results in a low level of miR-29
expression (58-60).

Wang et al (61) described the regulation and function
of miR-29 in myogenesis and rhabdomyosarcoma (RMS)
and found that miR-29 participates in the regulatory circuit
involving NF-xB and YY1. In RMS cells and primary tumors,
the NF-kB-YY1 pathway is activated while miR-29 is epige-
netically silenced. miR-29 is repressed by YY1 which can
be activated by NF-kB. On the other hand, miR-29 can also
target its repressor YY1 in turn. Wang et al (61) also found
that miR-29 and YY1 suppress each other; miR-29 blocks
YY1 translation and YY1 inhibits miR-29 transcription, and
constructs a negative feedback loop. NF-«B further regulates
this loop which directly activates YY1 and indirectly controls
miR-29.

In addition to MYC and YY1, there are other regulators of
miR-29. The hematopoietic key transcription factor CEBPA
can induce miR-29 expression. Notable, since CEBPA is
located on chromosome 7q, CEBPA selectively upregulates

miR-29a/bl expression on chromosome 7q32.3, while it cannot
affect miR-29b2/c on chromosome 1q32.2 (62).

As previously confirmed, IFN is an agonist of signal trans-
ducer and activator of transcription 1 (STATI1) and CDK®6,
two targets of miR-29. Schmitt e al (63) found that STAT1
upregulated the tumor suppressing miR-29 in melanoma cells.
They also observed that increased expression of interferon-y
(IFN-v) resulted in Gl-arrest of melanoma cells involving
CDKG6 repression.

Recently, researchers have demonstrated that, in breast
cancer, GATA3, a transcription factor, suppresses metastasis
and alters the tumor microenvironment by inducing miR-29b
expression. As a tumor-suppressor gene, GATA3 is lost in
breast cancer, and is correlated with a worse patient prognosis
(64,05).

5. Function of miR-29 in cancer

As a newly discovered tumor suppressor in most cancers,
miR-29 can downregulate oncogenes and/or upregulate tumor
suppressors; thus, miR-29 can induce apoptosis in cancer cells
and inhibit proliferation and invasiveness of human cancer
cells (66). Notably, in some tumors such as breast cancer and
colon cancer, miR-29 can induce epithelial-to-mesenchymal
transition. In the present review, we present a mechanism by
which miR-29 functions (Figs. 3 and 4).

Inhibition of the cancerigenic process. DNA methylation can
induce the silencing of genes. Demethylation of oncogenes
and methylation of anti-oncogenes are commonly acknowl-
edged cancerigenic processes. DNA methyltransferase-3A
(DNMT-3A) and DNA methyltransferase-3B (DNMT-3B), two
key enzymes involved in DNA methylation, are frequently
upregulated in many types of cancers and are associated with
poor prognosis. The miR-29 family (29a, 29b and 29c¢) has a
finely complementary structure to the 3'-UTRs of DNMT-3A
and DNMT-3B (60). Fabbri et al (25) found that there are few
tumor-suppressor genes, such as PTEN and WWOX, expressed
in lung cancer cell lines due to methylation of these tumor
suppressors. However, when expression of miR-29s was
enforced in these lung cancer cell lines, DNA methylation of
tumor-suppressor genes was suppressed and tumor-suppressor
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Figure 3. The downstream pathways of miR-29 and the relationship between miR-29 and cancer.

GATA3;ADAMI2

ECM:TTP

mesenchymal epithelial

epithelial-to-mesenchymal transition

Figure 4. The function of miR-29 in the balance of epithelial-to-mesenchymal
transition.

genes were re-expressed. Garzon et al (67) found that miR-29b
not only directly combined with DNMT3A and DNMT?3B but
also indirectly suppressed DNMT1 by Spl (a transactivator
of the DNMT1 gene). Therefore, a high level of miR-29
induces global DNA hypomethylation, and consequently
tumor-suppressor genes are re-expressed. Li et al (68) and
Wang et al (69) demonstrated that miR-29b blocked the
expression of DNA methyltransferases (Dnmts), and then
caused hypomethylation in the PTEN promoter and finally
upregulated PTEN gene expression and inhibited the canceri-
genic process.

Promotion of cancer cell apoptosis. Promotion of cancer cell
apoptosis is one of the most effective strategies for treatment
of cancer. Mcl-1 possesses BH1-3, a Bcl2 homology subunit,

and has a potent multidomain anti-apoptotic protein of the
Bcl-2 (B-cell lymphoma 2) family (53). Endogenous miR-29
directly binds the 3'UTR of Mcl-1 and prevents Mcl-1 protein
expression, and promotes tumor cell apoptosis. Unfortunately,
miR-29b is downregulated with a synchronous high level of
Mcl-2 in cholangiocarcinoma malignant cells. Factitiously
enhanced exogenous miR-29b expression endogenously
reduces Mcl-1 cellular protein levels and increases the
sensitivity of cancer cells to tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) cytotoxicity (54). During
the course of apoptosis, mitochondria release apoptogenic
factors such as cytochrome ¢ by VDAC, and increasing perme-
ability of VDAC promotes the apoptosis of tumor cells. Recent
studies have found that VDAC1 and VDAC?2 are targets of
miR-29a. Overexpression of miR-29a can lead to a high level
of VDACI1 and VDAC?2 and increases permeability of VDAC
(70). Furthermore, as the classical pathway of apoptosis,
miR-29 family members (miR-29a, miR-29b and miR-29c¢)
increase p53 levels and induce apoptosis by a p53-dependent
manner. Park ef al (71) found that miR-29 family members
were able to directly suppress p85a (the regulatory subunit
of PI3 kinase) and CDC42 (a Rho family GTPase). p85a and
CDC42 regulate p53 negatively, and then induce apoptosis
by a p53-dependent signaling pathway. Both miR-29a and
miR-29b not only directly target anti-apoptotic genes but also
upregulate pro-apoptotic genes, such as BIM (BCL2L11) and
the tumor suppressor PDCD4 (72).

Suppression of tumor invasion. Highly invasive tumors are
associated with poor prognosis. T-cell leukemia-1 (Tcll) (one
of the cytokines in T cell leukemia) appears to be associated
with tumor invasion. Pekarsky et al (73) suggested that Tcll
expression in CLL is regulated by a number of miRNAs and
also emphasized that miR-29 is the most important one which
can reduce the invasiveness of Tcll-overexpressed CLLs.
Another study demonstrated that miR-29b binds to the 3'-UTR
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of inhibitor of DNA binding 1 (ID1) and inhibition of endog-
enous miR-29b causes an increase in ID1 and MMP?Y, leading
to enhanced tumor cell invasion. In contrast, downregulation
of ID1 and MMP?9 by stable overexpression of miR-29b could
significantly suppress tumor cell invasion. These results
suggest that by direct interaction with ID1 and regulation of
MMP9, which is a known target of ID1, miR-29b plays an
important role in the regulation of tumor cell migration and
invasion (74).

However, recent research indicates that in breast cancer
miR-29 has an opposing function in regards to invasion.
CIQTNF6, SPARC and COL4A?2 are targeted by miR-29b and
downregulation of their mRNAs was found to contribute to the
promotion of the invasive ability of human breast cancer cell
line MCF-7 (75). Cochrane et al (76) also found that progestin
treatment decreased miR-29, thereby relieving repression of
one of its direct targets, the gene encoding ATPase Na(+)/K(+)
transporting (31 polypeptide (ATP1B1), and ATP1BI1 inhibits
the migration and invasion of breast cancer cells.

Induction of cell cycle arrest to inhibit tumor prolifera-
tion. Cyclin E is a protein which can regulate the cell cycle.
Ding et al (51) found that miR-29¢ was frequently downregu-
lated in ESCC tissues and cells, and artificial upregulation of
miR-29 suppressed tumor growth by inducing cell cycle G1/
GO arrest mainly through downregulation of the expression of
cyclin E. Recently, Lee ef al (77) found that the 2'-5"-oligoad-
enylate (2-5A) system, an interferon-regulated RNA decay
pathway, activated tumor cell proliferation in vitro as well as
tumor growth in a xenograft model, and the miR-29 family
suppressed the expression of RNase-L, a key component of the
2'-5'-oligoadenylate (2-5A) system, and finally loss of RNase-L
obviously inhibited tumor cell proliferation.

Role in EMT. Based on the above research findings, enhanced
miR-29a expression increases the invasive ability of breast
cancer cells. Invasion is a result of epithelial-mesenchymal
transition (EMT). Gebeshuber et al (78) revealed that miR-29a
was upregulated in the process of EMT by comparing meta-
static RasXT cells with epithelial EpRas cells, and it could
suppress the expression of tristetraprolin (TTP) which is
involved in the inhibition of EMT. Furthermore, overexpres-
sion of miR-29a inhibited TTP and led to tumor metastasis
in cooperation with the oncogenic Ras signaling pathway.
Several studies demonstrated that miR-29 could upregulate
multiple genes encoding extracellular matrix (ECM) proteins,
including collagens, fibrillins and elastin. ECM proteins are
motivators in the process of EMT, and miR-29 can induce
EMT through these ECM proteins. There is also evidence that
miR-29 may regulate MMP2 or Mcl-1, which partly participate
in the process of metastasis, yet the underlying mechanisms
remain controversial (79-81). In summary, in some situations
enhanced miR-29a levels can induce EMT and increase the
metastasis of tumors.

In contrast, Li e al (82) reported that in breast cancer
ADAMI?2 (a breast cancer associated gene) is negatively regu-
lated by miR-29. ADAM12 is strongly associated with invasion
and the process of EMT. Overexpression of miR-29 could
block EMT by the downregulation of ADAMI12. Two recent
studies found that GATA3 enhanced the level of miR-29b

JIANG et al: miR-29 IN CANCER

in breast cancers and conversely loss of miR-29b increased
metastasis and promoted EMT. Furthermore, miR-29b
inhibited metastasis by targeting a network of pro-metastatic
motivators involved in angiogenesis, collagen remodelling
and proteolysis, including VEGFA, ANGPTL4, PDGF, LOX
and MMP9, and targeting ITGA6, ITGBI1 and TGFB, thereby
indirectly affecting differentiation and EMT (64,65).

Clinical implications. MiR-29 may be used as a biomarker for
cancer diagnosis and may facilitate early diagnosis. Wang and
Gu (56) demonstrated that serum miR-29a was a promising
novel marker for early detection of colorectal liver metastasis.
Fang et al (49) showed that serum microRNAs were promising
biomarkers for diffuse large B cell lymphoma. Zhi et al (83)
found that miR-29 can also act as a biomarker of meningioma
for early diagnosis. A low level of miR-29¢c was found to be
associated with advanced clinical stages of meningioma and
was found to be significantly correlated with higher rates of
recurrence in meningioma patients. It has been confirmed that
miR-29 and miR-142 are consistently decreased in AML and
may function jointly in granulopoiesis and monopoiesis (81).
Thus, combined assessment of miR-29 and miR-142 is a more
effective diagnostic method for AML. The sensitivity and
specificity of this method are 90 and 100%, respectively.

MiR-29s play important roles in tumor stage. Weissmann-
Brenner et al (84) showed that high expression of miR-29a was
associated with a prolonged disease-free survival. In stage I
colon cancer, 903 microRNAs tested exhibited differential
expression between patients with good prognosis and those
with poor prognosis. Notably, miR-29a was found to be upreg-
ulated in patients with a favorable prognosis when compared
with its expression in patients with poor prognosis in stage 11
colon cancer.

MiR-29 can also increase the sensitivity of cancer or cancer
cells to chemotherapeutic drugs. Blum er al (85) examined
the relationship between the clinical response to decitabine
and bortezomib treatment and the level of miR-29b. They
further revealed that bortezomib can upregulate miR-29b
and increase the clinical sensitivity of tumors to decitabine.
Mechanistic studies showed that bortezomib upregulates
miR-29b and then epigenetically downregulates FLT3. Then
downregulated FLT3 leads to conspicuous downregulation
of SP1 and destroys the SP1/NF-«B complex. This study also
demonstrated that combination of decitabine and bortezomib
in AML is feasibility and effective (86).

MiR-29 can be a prognostic indicator for patients with
cancer. High expression of ZAP-70 protein and low expression
of the miR-29 family were strongly associated with disease
progression in CLL cases harboring the 17p deletion (87).
Zhu et al (88) indicated that a low level of miR-29a was
associated with advanced clinical features and poor prognosis
of pediatric AML patients, suggesting that miR-29a down-
regulation may be used as a malignant prognostic marker in
pediatric AML. Moreover, the level of miR-29 could be used
for estimating the relapse-free and overall survival of pediatric
AML patients. They also demonstrated that expression levels
of miR-29a in pediatric AML patients were significantly lower
in subtype M7 than that in other subtypes. Thus, miR-29 has
the potential to be used to classify different subtypes of the
same cancer.
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7. Conclusions and prospects

With the rapid development of biotechnology, the mysteries of
microRNAs are gradually being solved. MicroRNAs have an
extremely close relationship with tumors and play an impor-
tant role in the process of tumor initiation and development. In
most cancers, miR-29s act as tumor suppressors by influencing
apoptosis, methylation, invasion, proliferation and chemo-
therapeutic sensitivity. However, it nust be noted that miR-29
acts as a promoter of metastasis. This phenomenon is noted
in different types of cancers. We highlight that miR-29 also
plays diverse roles in the digestive system. The mechanism of
this phenomenon has not been fully explained. Therefore, the
relationship between miR-29 and cancer (particularly diges-
tive system neoplasms) require further research.
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